Introduction
Water has a wide impact on all aspects of human life like health, food, energy and economics. In the last decades, many methods have been studied for treatment of underground water like; ion exchange, chemical precipitation, nano-filtration, reverse osmosis and adsorption. In particularly, adsorption method has attracted scientific focus due to high availability of different adsorbents, low cost, and easy handling [1] . In recent decade, scientists have focused to prepare adsorbent from new, sustainable, environment-friendly, and inexpensive natural polymer due to variation in raw material prices, international difficulties in raw material supplies, and increasing public consciousness on environmental issues.
Cellulose is the most widespread polymeric raw material in nature and it is obtained from different plants and bacterial sources [2] . In the last few decades, cellulose graft copolymers have gained a substantial interest, due to their unique properties. These properties make them suitable for using in a wide range of applications such as medical, water treatment [3, 4] , pharmaceutical [5] , textiles, filtration, etc. To modify cellulose and control this modification, understanding P OLY acrylic acid-co-methyl methacrylate was grafted via reversible addition fragmentation chain transfer polymerization to cellulose. The graft copolymer was characterized by FTIR spectrum, thermo gravimetric analyzer, and scanning electron microscope. The adsorption behavior of the grafted cellulose for Ca 2+ , Cu 2+ and Pb 2+ ions was investigated. The adsorption capacity was improved as the molar ratio of acrylic acid increased. The grafted cellulose showed good adsorption performance for Ca 2+ ion with 97 % rather than Cu ++ and Pb
++
. That revealed the adsorption process increased due to the increase of the COOH group of acrylic acid, which improves the chelation activity of the grafted polymer.
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its structure is a pre-requisite. The molecular structure of cellulose is composed of linear chains of glucose unit with three OH groups. These groups are capable of forming inter and intra hydrogen bonds, yielding a straight and crystalline chain nature [6, 7] . Cellulose has high dense hydrogen bonded network, so it is insoluble in water and most organic solvents. Thus, most cellulose reactions, including polymer grafting, are heterogeneous reactions which carried out at the solid or swollen state. To enhance metalbinding ability of cellulose, the introduction of new functional groups via graft copolymerization is one of the activations of cellulose. Various functional groups can be grafted to cellulose such as acrylonitrile [8] , acrylic acid [9] and acrylamide [10] .
In the last decades, attempts to minimize the chain transfer and to control the molecular weight polydispersity on the grafted cellulose, a controlled/ "living" radical polymerization methods have been investigated [11] . Among them atom transfer radical polymerization (ATRP) and reversible addition fragmentation transfer polymerization (RAFT) are the two suitable methods to prepare grafted cellulose.
In heterogeneous process, polystyrene graft cellulose by a RAFT process was reported by Perrier, et al. [12] and Carlmark et al prepared a poly(2-hydroxyethyl methacrylate) graft cellulose using an ATRP process [13] . Huang, et al. prepared cellulose graft copolymers with different monomers using a homogeneous ATRP process [14, 15] .
RAFT polymerization is a powerful and useful living polymerization method for synthesizing well-defined, advanced graft polymer features and controlling the polymerization of numerous vinyl monomers over moderate conditions. RAFT can be used to graft various monomers onto solid supports such as silica [16] , silicon [17] , carbon nanotubes [18] , polypropylene, gold, and coreshell microspheres. Also, it has been reported to graft vinyl monomers on cellulosic materials. But there is a very limited study on modification of cellulose via RAFT-mediated graft polymerization. The first modification of cellulose by RAFT polymerization in heterogeneous media was done by Roy & Perrier [19, 20] .
In this study, the grafting of polyacrylic acid and polymethylmethacrylate from bagasse cellulose was reported. Preparation and characterization of cellulose-based macro chain transfer agent and its use to mediate the reversible additionfragmentation chain transfer polymerization of acrylic acid and methyl methacrylate are reported. The adsorption of the grafted cellulose for Ca2+, Cu2+ and Pb2+ ions were also investigated.
Experimental

Materials
Cellulose was extracted from bagasse pulp which delivered from Quena Paper Industry Company, Egypt. Acrylic acid, dicyclohexylcarbodiimide (DCC), 4-dimethylaminopyridine (DAMP) as a catalyst, 3-mercaptopropionic acid, carbon disulfide, benzyl bromide, chloroform, hydrochloric acid, sodium chloride solution, sodium sulfate, n-hexane and ethyl acetate, potassium hydroxide dichloromethane are from ACROS and used as received.
Preparation of cellulose-RAFT
Cellulose (2 g) was immersed into 50 mL round flask containing RAFT agent (5g) dissolved in 15 mL of dichloromethane (DCM). Dicyclohexylcarbodiimide (DCC) (0.8 g, 4 mmol) was dissolved in 10 mL DCM and added to the cellulose containing reaction flask at room temperature. 4-Dimethylaminopyridine (DMAP) (0.44 g, 3.6 mmol) was dissolved in DCM (15 mL) and slowly added to the reaction mixture. The reaction mixture was left to stir, at room temperature, on magnetic stirrer for 72h. At the end of the reaction, the samples were thoroughly washed with different solvents in the following sequence; DCM, THF, THF: water (1:1), water, and methanol. Finally, the product was placed in a drying oven at 50 o C to dry overnight.
Polymerization
Cellulose-RAFT (1 g) was stirred in 10 mL deionized water for AA homopolymerization and H2O/DMF 70/30 respectively for the AA and MMA copolymerization in 50 mL Schlenk flask and purged with Argon for 30 min. A degassed stock solution of the monomers acrylic acid and mehylmethacrylate (AA, MMA) and 10 mL solution of 2,2′-Azobis(2-methylpropionamidine) dihydrochloride (V50) initiator (0.01 g/mL H2O) were prepared. After that the stock solution of the macro-RAFT was placed in an oil bath at 70 o C. Then, the required amounts of monomers (at various AA/MMA weight ratios) and initiator were fed into the reactor with dosing rate 1 mL/ min and 0.1 mL/min for both monomers and initiator, respectively ( Table 1 ).
The required amount of monomers and initiator were fed with dosing rate 1 mL/min and 0.1 mL/min for both monomer and initiator respectively, the AA and MMA monomers were fed into the reaction mixture at different AA/ MMA weight ratios (Table 1) . After last addition the polymerization reaction was left to run for 8h followed by addition of few drops of methanol at the end of polymerization process. The final obtained product was a mixture of grafted cellulose and free homo/copolymers. The grafted cellulose was collected by filtration in a Buchner funnel and subjected to Soxhlet extraction using de-ionized water followed by extraction by THF for 6h. The grafted cellulose samples were dried in a drying oven at 40 o C [21] .
Cleaving of polymer chains from cellulose backbone
Two transesterification methods (i.e. acidbase catalyzed) were studied to hydrolyze the PAA and PAA-co-PMMA chains from the cellulose backbone. In a base catalyzed hydrolysis experiment, 1 g of cellulose-g-PAA and celluloseg-PAA-co-PMMA samples was immersed into a bottom flask containing 200 mL of KOH (2.0 M solution in H2O). The reaction mixture was refluxed for 48 h. After the completion of the reaction, 10 mL of H2O/THF 9/1 was added to the flask and the solid cellulose substrate was removed from the mixture, subsequently the solvents were evaporated. The solid was washed with methanol to remove the excess of KOH; the remaining product (cleaved polymer grafts) was separated by filtration. In case of acid hydrolysis, 0.1 g cellulose-g-PAA and celluloseg-PAA-co-PMMA samples were immersed into a round-bottomed flask containing 150 mL of 2.0 M HCl aqueous solution. The mixture was stirred at 90 o C for 48 h. The reaction mixture was filtered to separate the solid cellulose particles. Then 200 ml of THF was added and the reaction mixture was stirred for 20 minutes. The organic layer was separated by separating funnel. Upon evaporation of THF, the solid polymer was obtained and was left to dry at 50 o C in a drying oven for 48 h. [22] .
Instrumentation and characterization Gel permeation chromatography (GPC)
The molecular weights of all polymers were measured by Chloroform GPC at 25°C. Sample concentration was 1 g/L. The apparatus consists of a Gynkotek HPLC pump, an Agilent Autosampler 1200, linear columns (PSS, polystyrene) consisting of a pre-column 10 μ, 8 x 50 mm, a column 10 Å, 8 x 300 mm and two columns 3000 Å, 8 x 300 mm. As detector, RI detector of Knauer Company was used. For calibration, linear PMMA with a narrow mass distribution and molecular weight between 500 and 1,000,000 was used. Toluene was used as an internal standard. The elugram was evaluated with PSS-WinGPC Unity program.
Nuclear magnetic resonance spectroscopy (NMR)
1 H (400.13 MHz) NMR spectra were recorded on a Bruker DRX-300 spectrometer located at Faculty of Pharmacy Ain Shams University, Egypt. Tetramethylsilane (TMS) was used as an internal standard.
Infrared spectroscopy (FTIR)
The IR spectra were measured on a FT-IR spectrometer of type Brucker with an attached IR microscope of the type UMA 600 from Digilab. Infrared spectroscopy (IR) was performed by means of Digilab (Excalibur series) instrument with ATR crystal ZnSe at the Textile Research Division NRC, Egypt.
Thermo gravimetric analysis (TGA)
The thermal stability of cellulose samples before and after grafting was tested by thermo gravimetric analysis (TGA, Shimadzu DTG-60, Japan) at a heating rate of 10 °C/min from 25 to 800 °C under a nitrogen atmosphere.
Scanning electron microscopy
Scanning electron microscopy (SEM) photomicrographs of the cellulose before and after modification were observed by a Quanta 200 environmental scanning electron microscope (Philips-FEI Co., Holland) operated at an accelerating voltage of 5 kV, and the dried samples were coated with a gold layer using a diode sputter coating unit. Electron micrographs of each sample were recorded at a magnification of 500.
Adsorption of Ca
2+
, Cu 2+ and Pb
The adsorption experiments were performed on a platform shaker at 200 r/min and 25±2 °C for 2 h using 100 mL shaker flask. Cations concentrations were analyzed using atomic absorption spectroscopy (PerkinElmer 3110, USA). The adsorption capacity q e (mg/g) was calculated as described by the following equation: 
Results and Discussion
Synthesis of RAFT and Macro-RAFT agents
Cellulose was grafted with acrylic acid and methyl methacrylate in order to increase the chelating carboxylic groups on its surface. At first, a suitable RAFT agent namely; Benzylsu lfanylthiocarbonylsulfanyl-propionic acid was synthesized according to Scheme1.
As shown in Fig. 1 , the 1 HNMR of the prepared RAFT agent revealed 3CH2 groups which correspond to 2 triplets bands at 1.85, 2.5 and singlet band at and 4.5 ppm [23] .
After that a macro RFAT agent was prepared by introducing the RAFT agent (1) onto the surface of cellulose via Steglich esterification mechanism, in presence of dicyclohexylcarbodiimide (DCC) as a coupling reagent and 4-dimethylaminopyridine (DAMP) as a catalyst. This reaction generally takes place at room temperature using dichloromethane as a solvent, as illustrated in Scheme 2. 
FT-IR of cellulose and its graft Copolymers
The FTIR spectra of cellulose, cellulose-RAFT and its graft copolymers are shown in figures 2 and 3. In the spectrum of cellulose and cellulose-RAFT (Fig. 2) , a characteristic stretching vibration band of carbonyl group (C=O) at around 1750 cm-1 appeared that is related to the RAFT agent.
After that, the RAFT polymerization of acrylic acid (AA) and methyl methacrylate (MMA) took place in THF using AIBN as azo initiator at 70 o C. At first a homo-polymer of acrylic acid was grafted onto the cellulose surface. The grafting reaction was followed by FTIR (Fig. 3) . The characteristic absorption peaks of grafted cellulose with AA and MMA appeared at about 1800 cm -1 due to the aliphatic C-H stretching vibration of the monomeric repeating units and a carbonyl (C=O) stretching vibration at around 1750 cm -1 were present, respectively [24, 25] .
A portion of acrylic acid (AA) was replaced by methyl methacrylate (MMA) in order to insert MMA segments between AA polymer chains. This step aims to increase the spaces between the pendant carboxylic groups in AA moieties on the cellulose surface. The AA/MMA ratios were shown in Table 1 .
Cleaving of polymer chains from cellulose backbone
Two transesterification methods were studied to hydrolyze the PAA and PAA-co-PMMA chains from cellulose. The hydrolyzed products were subjected to GPC and 1 H NMR analyses. In Fig.  4 and 5, the 1 HNMR spectra of hydrolyzed PAA and PAA-co-PMMA are represented. The peaks assignments were done easily. The molecular weights of the hydrolyzed samples were represented in Table 1 (Table 1 sample 5) .
Scanning Electron Microscopy SEM micrographs of cellulose and grafted cellulose PAA-co-PMMA with AA/MMA 75/25 molar ratio% copolymers are shown in Fig. 7 . From Fig. 7 , it is evident that the grafted and ungrafted cellulose have different structural features. The surface of the modified cellulose is smoother, less fractured, that is due to the entanglement of the polymeric chains. Figure 8 displays the thermal gravimetric analysis of unmodified cellulose fiber and cellulose-g-PAA-co-PMMA (AA/MMA 75/25 molar ratio). It demonstrates that the thermal stability of the grafted cellulose is higher than that of cellulose itself in the temperature range of 25-600°C. As cellulose-g-PAA-co-PMMA is hygroscopic, nearly 10 wt % weight losses have occurred at 100°C, due to the evaporation of residual water compared to only 8 wt% weight loss for the cellulose. In case of cellulose-g-PAA-co-PMMA, In case of cellulose-g-PAA-co-PMMA, a considerable enhancement in thermal stability has been noticed as compared with the ungrafted cellulose; however, a considerable enhancement in thermal stability has been seen. As the temperature increases, the main mass loss of the grafted cellulose starts at about 420°C corresponding to cellulose degradation at 420°C. Finally, weight loss for cellulose is much more than that of grafted cellulose. So, the grafting of cellulose can enhance the thermal stability of cellulose. 
Thermo gravimetric analysis
Metal ion adsorption
We The data presented in Fig. 9 and 10 revealed the improvements in the adsorption process with using grafted cellulose on the three tested cations. The grafted cellulose showed good adsorption performance for Ca2+ ion with 97% rather than Cu++ and Pb++. The adsorption studies demonstrated that the adsorption process of metal ions decreased with increasing MMA ratio in the cellulose-g-PAA-co-PMMA. In other words, the adsorption capability of cellulose-g-PAAco-PMMA could be enhanced by increasing the COOH groups of acrylic acid that improve the chelation activity of the grafted cellulose. 
Conclusion
The graft copolymerization of acrylic acid and methylmethacrylate onto cellulose was successfully carried out by RAFT Polymerization, which considered as one of the most versatile method that gives a well-defriend polymeric chains with narrow disperse polymers. The grafting process was confirmed by the characterization of FTIR, TGA, and SEM. The grafted cellulose showed good adsorption performance for Ca 2+ and Pb 2+ ions than Cu 2+ ion. The studies of adsorption demonstrated that the grafting of cellulose with acrylate copolymers is promising in removing Ca2+ ions from aqueous solutions.
